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Is high peritoneal transport rate an independent risk factor for Clinical and laboratory variables such as age, diabetes
CAPD mortality? mellitus (DM), malnutrition, cardiovascular disease, and
Background. Patients with high peritoneal transport display hypoalbuminemia are well-known risk factors for mor-the lowest serum albumin (SAlb) and the highest peritoneal pro-
tality of patients on continuous ambulatory peritonealtein loss. An association between high peritoneal membrane
dialysis (CAPD) [1–5]. In addition, in the last decade,permeability and diabetes mellitus (DM) has been suggested.
As malnutrition, hypoalbuminemia, and DM cause high mor- inadequate dialysis has attracted considerable attention
tality, it is probable that a high peritoneal transport rate is as a factor associated with poor outcome of patients on
associated with high mortality on continuous ambulatory peri-
peritoneal dialysis [5–8]. Notwithstanding, the role oftoneal dialysis (CAPD). The aim of the study was to identify
variables such as the peritoneal membrane permeabilitywhether a high peritoneal transport rate is an independent risk
factor for mortality on CAPD. has been scarcely investigated; the few reports on this
Methods. We included 167 patients with a peritoneal equili- issue seem to show an association between high perito-
bration test that was performed between January 1994 and July neal transport rate and a worse outcome (abstract; Blake,
1997. The endpoint was the patient’s status (alive, dead, or lost)
Clin Invest Med 14:A127, 1991) [9–11].in December 1997. Survival analysis was done by the Kaplan–
Peritoneal membrane transport characteristics can beMeier method and multivariate Cox proportional-hazard model.
Results. DM was significantly more frequent in the high (H) evaluated by several methods, and the most prevalently
peritoneal transport type (20 out of 33) and was less frequent used method worldwide is the peritoneal equilibration
in the low (L) transport group (3 out of 18). SAlb (g/dL) was test (PET) [12]. PET evaluates the dialysate/plasma (D/P)significantly lower as the peritoneal transport type was higher
equilibration rates of solutes small as creatinine at con-[H 2.7 6 0.5, high average (HA) 2.9 6 0.7, low average (LA)
3.2 6 0.6, and L 3.6 6 0.5]. Serum creatinine (SCr) was signifi- secutive intervals during a dwell time of four hours.
cantly higher in the L transport type (12.0 6 4.3 mg/dL) than It is well established that the patients with high perito-
in the other transport groups (H 8.7 6 3.1, HA 8.6 6 3.7, neal transport rates on CAPD do not attain appropriate
and LA 9.6 6 4.5). No other differences were found between
ultrafiltration [12, 13] and display the lowest serum albu-peritoneal transport types. In the univariate analysis, high peri-
min (SAlb) levels and the greatest peritoneal protein losstoneal transport rate, DM, low SCr, low SAlb, and older age
significantly predicted mortality. However, in the multivariate [14–16]. Moreover, some authors suggest that there is an
analysis (x2 5 40.55, P , 0.0001), only DM (b 5 1.34, P 5 association between DM and high peritoneal membrane
0.0001), low SCr (b 5 20.11, P 5 0.02), and high peritoneal permeability [9, 17, 18]. As hypoalbuminemia, malnutri-transport rate (b 5 2.6, P 5 0.06) were shown as mortality
tion, cardiovascular disease, and DM are known riskrisk factors.
factors for mortality on dialysis, it is probable that theConclusions. DM was the most important risk factor for
mortality on CAPD. A high peritoneal transport rate also pre- reported association between high peritoneal membrane
dicted mortality, yet its role seems to be related to the presence permeability and mortality on CAPD is due to the pres-
of DM. The role of higher SCr predicting a better survival ence of these comorbid events. Therefore, the currentmight have been associated with a better nutritional status.
study was performed to investigate whether or not theHypoalbuminemia, previously shown as risk factor for mortal-
ity, did not play an important role in this study, probably high peritoneal transport rate, as evaluated by the PET,
because of its collinearity with DM. is an independent risk factor for mortality of CAPD
patients. The effect of the variables DM, age, hypoal-
Key words: peritoneal membrane permeability, continuous ambulatory buminemia, and adequacy of dialysis was also analyzed.
peritoneal dialysis, dialysis death, end-stage renal disease, diabetes.
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January 1994 and July 1997. All patients with a PET model, in which we included all of the significant vari-
ables from the univariate analysis and/or those variablesperformed during this time were eligible for the study
(PETs are done as part of the routine evaluation of our considered clinically relevant according to the current
literature. A P value , 0.05 was accepted as significant,CAPD population since 1994). Patients were excluded
if, at the time of the PET, they had peritonitis within but preferentially the exact value is shown.
the previous two months, inadequate dialysis catheter
function, or dialysate leaks. No patient had the test per-
RESULTS
formed within the first month after catheter insertion. All
One hundred and sixty-seven patients were studied,patients were subjected to a standard PET as described in
and 73 of them were male. The cause of end-stage renaldetail by Twardowski et al [12]. Using the D/P reference
disease was non–insulin-dependent DM in 52 (31.1%)values from Mexican population [19], patients were clas-
patients, insulin-dependent DM in 14 (8.6%), unknownsified into one of the four peritoneal transport types:
in 44 (26.4%), chronic glomerulonephritis in 14 (8.4%),high (H), high average (HA), low average (LA), and
systemic lupus erythematosus in 10 (6%), adult polycys-low (L). A patient was classified as H if the D/P was
tic kidney disease in 7 (4.2%), obstructive uropathy in 6above one standard deviation (sd) from the mean. A
(3.6%), and other in 20 (12.0%). The main characteristicsHA transport type was a patient with D/P between the
according to the peritoneal transport type are shown inmean and 11 sd. A patient was of the LA transport
Table 1. There were more diabetics in the H transporttype if the D/P was between the mean and 21 sd, and
type and less in the L transport type. SAlb was significantlythe L transport rate patient had a D/P ratio below 21
lower as the peritoneal transport was higher. In addition,sd from the mean.
SCr was significantly higher in the L transport type thanThe day before the PET, 24-hour urine (when diuresis
in the other groups, and the dialysis CCr was significantlywas present) and drained dialysate were collected in
lower in the L and LA groups than in the H group. Theorder to calculate the weekly normalized creatinine
remaining variables were not different between the perito-clearance (CCr) and KT/Vurea; both parameters were cal-
neal transport groups. Significant correlations (P , 0.05)culated as renal, dialysate, and total (dialysate 1 renal).
between several variables in the univariate analysis areThe protein catabolic rate (PCR) was calculated by the
shown in Table 2.formula of Randerson, Chapman, and Farrell [20]. On
From the 167 patients, 19 were transferred to hemodi-the day of the PET, the following data were collected:
alysis because of peritoneal membrane failure or pa-age, sex, cause of end-stage renal disease, date of CAPD
tient’s preference, and 25 received a renal transplant.onset, lapse between CAPD onset and the PET, serum
The mean survival (6 se) of the patient population wascreatinine (SCr), and SAlb.
7.28 6 0.63 years (95% CI, 6.04 to 8.51), and the rangeAt the end of this study (December 1997), the patient’s
was from 0.38 to 12.6 years.status was recorded as alive, dead, or lost to follow-up.
In the univariate analysis of survival, patients with LPatients alive at the end of the study, transferred to
transport had significantly better survival than patientshemodialysis, or those who had undergone renal trans-
with H and HA transport (Fig. 1A). Diabetics had sig-plantation were considered to be censored data. Patients
nificantly higher mortality than nondiabetics (Fig. 1B).who died within the first three months after transferring
Patients with high SCr levels had better survival than thoseto hemodialysis or receiving a kidney graft were consid-
with low levels (Fig. 1C), whereas patients with low SAlbered to be in the death related to CAPD category.
levels had the highest mortality (Fig. 1D). Age was sig-
Statistical analysis nificantly associated with mortality as the older patients
had higher mortality (Fig. 1E). No other variable was sig-Data are shown as mean 6 sd, median (percentiles
nificantly associated with survival in the univariate analysis.25 to 75%), or percentages. Data distribution normality
was evaluated by the Kolmogorov–Smirnov test. A com-
Multivariate analysisparison between the different peritoneal transport types
Peritoneal transport rate, DM, SCr, SAlb, and age sig-was performed by analysis of variance (ANOVA, para-
nificantly predicted patient survival in the univariatemetric distribution) or the Kruskal–Wallis test (nonpara-
analysis and, therefore, they were included in the multi-metric distribution). When a model had significant re-
variate analysis. As adequacy of dialysis is a clinicallysults, all of the pair-wise comparisons were performed
relevant variable, it was included in the multivariateby the Student–Newman–Keuls or Dunn methods, re-
model even though it did not significantly predict survivalspectively. A comparison of proportions was done by
in the univariate analysis. Results of this multivariatex2. Survival analysis was done using the Kaplan–Meier
analysis are shown in Table 3. DM was the most impor-method, and the survival comparison by factors and
tant predictive factor in the model; patients with DM hadstrata was done by the log-rank test. Mortality risk was
analyzed by a multivariate of Cox’s proportional hazard a relative mortality risk 282% higher than nondiabetic
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Table 1. Characteristics of the patients according to the peritoneal transport type
H HA LA L
Variable (N 5 33) (N 5 51) (N 5 65) (N 5 18)
Age years 48.1616.1 45.8 618.8 44.2 616.3 39.4 613.7
Sex female/male 15/18 30/21 36/29 13/5
DM N 20a 17 25 3a
Years elapsed until the PET 0.6 (0.2–0.9) 0.6 (0.2–1.2) 0.5 (0.2–1.7) 2.1 (0.2–3.4)
SAlb g/dL 2.7560.52 2.92 60.71 3.1960.65b 3.5660.52c
SCr mg/dL 8.7263.13 8.58 63.74 9.59 64.46 12.064.26c
Total CCr L/week/1.73m2 61.6 (54–82) 64.2 (53–95) 62.1 (45–96) 52.2 (38–82)
Dialysis CCr L/week/1.73m2 50.769.87 47.7 617.4 43.4611.7d 39.668.96b
Renal CCr L/week/1.73m2 8.45 (0–27) 13.2 (0–49) 16.3 (0–52) 2.77 (0–43)
Total KT/Vurea L/week 1.74 (1.3–2.1) 1.98 (1.5–2.3) 1.97 (1.5–2.4) 1.91 (1.3–2.4)
Dialysis KT/Vurea L/week 1.52 (1.0–1.9) 1.54 (1.3–1.9) 1.50 (1.2–1.8) 1.67 (1.3–1.9)
Renal KT/Vurea L/week 0.11 (0–0.4) 0.23 (0–0.5) 0.22 (0–0.7) 0.03 (0–0.2)
PCR g/day 62.2 (53–83) 57.4 (44–76) 66.6 (54–82) 55.0 (48–59)
Abbreviations are: H, high; HA, high average; L, low; LA, low average; DM, diabetes mellitus; PET, peritoneal equilibrium test; SAlb, serum albumin; SCr, serum
creatinine; CCr, creatinine clearance; KT/V, dialysis dose; PCR, protein catabolic rate.
a P , 0.05 vs. non-diabetics in the same transport type
b P , 0.05 vs. H and HA
c P , 0.05 vs. H, HA, and LA
d P , 0.05 vs. H
Table 2. Significant correlation (P , 0.05) between variables with higher transport rates. In both DM and non-DM
observed in the univariate analysis
groups, a nonsignificant trend to display high mortality
Total Total with low SCr levels was observed; importantly, diabetic
DMa Age SCr SAlb KT/Vurea CCr PCR patients displayed lower survival than nondiabetics at
Cr D/P r 0.16 r 0.19 r 0.25 almost all of the SCr levels (Table 5). Furthermore, dia-DM r 0.5 r 0.45 r 0.26 r 0.19
betics have a higher mortality than non-diabetics, irre-Age r 0.28
SCr r 0.37 r 0.34 r 0.34 r 0.67 spective of the SAlb level (Table 6), except at a level $3.5
SAlb r 0.19 r 0.21 g/dL. However, when the DM or the non-DM group was
Total KT/Vurea r 0.32 considered separately, a clear trend to a higher mortality
Abbreviations are: Cr D/P is dialysate/plasma creatinine; DM, diabetes melli- with low SAlb levels was not observed. Comparisons be-tus; SAlb, serum albumin; SCr, serum creatinine; CCr, creatinine clearance; KT/V,
dialysis dose; PCR, protein catabolic rate tween diabetics and nondiabetics are shown in Table 7.
a DM 1, No DM 0
Diabetics were significantly older and had lower SCr than
non-diabetics. In addition, they had a significantly higher
creatinine D/P and higher total CCr than non-diabetics;
patients. A 1 mg/dL higher SCr concentration was associ- the latter finding was due to a higher contribution of
ated with an 11% decrease in the relative risk of death. the renal clearance, as the dialysis clearance was not
Finally, although marginally significant, for two patients different from that of diabetics.
identical for all other risk factors, a 0.1 D/P creatinine
higher value was associated with a 29% increase in the
DISCUSSIONrelative mortality risk. SAlb, adequacy of dialysis vari-
The proportion of patients with H transport type wasables, and age did not play a significant role as mortality
slightly higher, and the proportion of patients with Lrisk factors in this sample of patients.
transport was slightly lower than what we have found inA further survival analysis was performed comparing
previous studies in our population [19]. The cause of thisthe peritoneal transport type, SCr, and SAlb levels between
is not clear but may be related to the higher number ofdiabetic and non-diabetic patients. Diabetic patients had
patients included in this study.higher mortality than non-diabetics no matter the perito-
The multivariate analysis showed that the most impor-neal transport type (intergroup comparison; Table 4).
tant mortality risk factors were DM, low SCr levels, andOn the other hand, when the four transport types were
high peritoneal transport rate. The most significant ofcompared within the DM or the non-DM group sepa-
the three was DM, which agrees with previous studiesrately (intragroup comparison), the clear pattern of
reporting the prominent role of this entity as a risk factorlower survival with higher peritoneal transport was no
for mortality on CAPD [1–3, 5]; however, it contrastsmore statistically significant. It is probable that the num-
with the report by Churchill et al, which failed to showbers in the DM group were small for a significance to
DM as an independent mortality risk factor althoughbe detected, but interestingly, in the case of the non-
DM group, there was not even a trend for lower survival there was a significantly higher peritoneal transport rate
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Fig. 1. Survival curves from the univariate analysis according to (A) the peritoneal transport type, (B) diabetes mellitus (DM) status, (C) serum
creatine (SCr) levels, (D) serum albumin (SAlb) levels, and (E ) age.
in diabetics [9]. In the univariate analysis, the peritoneal end-stage renal disease; of note, there was not even a
trend showing a lower survival with high peritonealtransport rate was an impressive mortality risk factor.
Nevertheless, this finding seems to be influenced by the transport rates in the nondiabetic patients. Other authors
have reported a high peritoneal permeability in diabeticshigh peritoneal membrane permeability of the diabetic
patients and the high prevalence of DM as a cause of [9, 17, 18], which might be related to the ultrastructural
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Table 5. Survival comparison (years, mean 6 se) between diabeticTable 3. Results of the multivariate Cox’s proportional hazard
model (x2 40.55, P , 0.0001) and non-diabetic patients according to the SCr level
SCr mg/dL Non-diabetics Diabetics P valueRisk Relative
factor mortality risk P value
,5 (N55) 5.0 61.29a (N518) 2.27 60.28b 0.28
$5a to ,10 (N540) 5.61 60.50 (N538) 4.50 60.72 0.007DM 3.82 0.0001
SCr 0.89 0.02 $10a to ,15 (N540) 9.30 60.85 (N58) 5.49 61.20 0.02
$15 (N517) 10.96 61.18Cr D/P 1.29 0.06
SAlb 0.72 a P 5 0.08 vs. $15 in the same group
Total CCr 0.84 b P 5 0.07 vs. $10 to ,15 in the same group
Age 0.77
Abbreviations are: DM, diabetes mellitus; SCr, serum creatinine; Cr D/P, dialy-
sate/plasma creatinine; SAlb, serum albumin; CCr, creatinine clearance.
Neither CCr nor KT/Vurea significantly predicted mortality; however, this Table Table 6. Survival comparison (years, mean 6se) between diabeticshows the multivariate model including only CCr, as this variable showed a slightly
and non-diabetic patients according to the SAlb levelbetter statistical significance than KT/Vurea.
SAlb g/dL Non-diabetics Diabetics P value
,3.0 (N527) 6.47 60.75 (N532) 4.17 60.72 0.003
$3.0a ,3.5 (N530) 8.73 61.26 (N519) 3.72 60.59 0.003Table 4. Survival comparison (years, mean 6 se) between diabetic
$3.5 (N536) 7.45 60.59 (N512) 6.16 61.34 0.07and non-diabetic patients according to the peritoneal
transport rate SAlb is serum albumin.
a P , 0.05
Transport
rate Non-diabetics Diabetics P value
H (N513) 8.98 61.70 (N520) 2.88 60.25 0.02
HA (N534) 7.37 61.39 (N517) 4.47 62.35 0.03 Table 7. Comparisons between diabetic and non-diabetic patients
LA (N540) 7.85 60.51 (N525) 4.88 60.94 0.0002
L (N515) 7.89 60.57 (N53) 3.90 60.33 0.002 Non-diabetics Diabetics
Variable (N 5 102) (N 5 65) P valueAbbreviations are: H, high; HA, high average; L, low; LA, low average.
Age years 38.3615.4 55.4 613.3 ,0.0001
SAlb g/dL 3.2060.70 2.84 60.57 0.001
SCr mg/dL 10.864.1 7.06 62.9 ,0.0001
Cr D/P 0.6760.11 0.71 60.12 0.03alterations observed in diabetic angiopathy (particularly
Total CCr L/week/1.73m2 56.9 (46.7–82.1) 74.7 (52.8–106.4) 0.004the thickening and reduplication of capillary and meso- Total KT/Vurea L/week 1.45 (1.45–2.35) 1.91 (1.59–2.34) 0.55
PCR g/day 60.9 (50.5–81.0) 61.2 (44.2–81.2) 0.74thelial basal membranes) [21].
The role of the high SCr levels as a predictor of survival Abbreviations are: SAlb, serum albumin; SCr, serum creatinine; CR D/P, dialy-
sate/plasma creatinine; CCr, creatinine clearance; KT/V, dialysis dose; PCR, pro-seems to be rather related to a better nutritional status
tein catabolic rate.
than to inadequate dialysis, as the patients in this study
had a dialysis dose (both total CCr and KT/Vurea) within
what is considered acceptable (Table 1) [22]. Notwith-
standing, we cannot definitely prove such an assumption, ingly, the same authors did not find any significant multi-
variate model (including SAlb, creatinine D/P ratio, andas a complete nutritional evaluation was not performed.
The association between high SCr and survival has been KT/Vurea) predicting mortality on diabetic patients. We
did not intentionally look for cardiovascular comorbid-previously reported both in hemodialysis [23] and in
CAPD [3]. DM was a better predictive factor than SCr ity; however, it is probable that diabetics have a high
prevalence of cardiovascular disease that could contrib-probably because diabetics had lower SCr values than
nondiabetics. ute to their high mortality. On the other hand, many of
the previous studies analyzed the predialysis SAlb levels;In contrast to other reports [2–7], in our study SAlb
was not identified as a significant predictive factor for in our case, the SAlb levels at the time of the PET were
used in the analysis. Although predialysis hypoalbumi-mortality. A discriminative analysis on the interaction
of SAlb with DM or other comorbid events was not per- nemia has been shown as an excellent predictive factor
of mortality on CAPD, its predictive power in previousformed in all of those studies. In the present study, SAlb
displayed collinearity with DM and with the peritoneal studies has been reported to be time dependent, decreas-
ing importantly after the first year on dialysis [24]. Sometransport rate, that is, both diabetic patients and those
with H peritoneal transport type had the lowest SAlb variables change through time (such as, SAlb); one of the
most common errors in analyzing these data is to ignorelevels. Therefore, it would be expected that SAlb may
lose its predictive power when these three variables are the changing nature of this kind of variables [25]. There-
fore, as we did not have serial measurements of theincluded in a multivariate analysis. Davies et al did not
find any predictive value of SAlb in subjects without com- studied variables, we considered analyzing data at the
time of the PET more adequate.orbid events, but it was highly predictive of mortality in
patients with left ventricular dysfunction [11]. Interest- The same effect of DM on SAlb in the multivariate analy-
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2. Held PJ, Port FK, Turenne MN, Gaylin DS, Hamburger RJ,sis seems to have taken place in the case of age. Although
Wolfe RA: Continuous ambulatory peritoneal dialysis and hemo-
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